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ABSTRACT

Three analytical models for near field noise calculaticn are formulated for
/

1 . subsonic and supersonic jet flows, Evaluation of these models in comparison

Eoon with nearfield noise measurements from a full scale jet engine and scale

model hot jets is presented. The use of compositions of different quadrupoles

as prediction models is demonstrated,

The effect of initial turbulence level on the near noise field was studied

by the use of the analytical models. 1lhe results of the study indicate that
an increase of the turbulence level in the jet exit plane causes an increase
in sound pressure level for high frequencies. The effect of the turbulence

level is negligible for low frequency sound.
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ANALYTICAL MODELS FOR NEARFIELD JET NOISE CALCULATIONS

1. Introduction

The intense noise generated from the jet exhaust not only causes annoyance
to the general public in the far field but also presents serious problems for
health hazard to personnel, and for structural fatigue damage in the immediate
vicinity of the exhaust. There have been a great number of investigations for
the far sound field of the jet. However, the investigations for the near sound
field are relatively few (References 1 to 11). Consequently the near field is
far less understood. The lack of knowledge is also due to the more complicated
nature of the near sound field which includes not only outwardly propagating

waves but also local reciprocated motions and pressure fluctuations.

The near sound field of a jet, for practical purposes, can be considered as
a region within twenty to thirty diameters from the jet exhaust nozzle. More
precise definitions are the induction near field at distances less than a wave
iength from the source and the geometric near field at distances from the
source that are less than the order c¢f the geometric extent of the source.
In many situations, both induction and geometric near fields overlap each other

and for practical purposes a region withw20 to 30 diameters from the jet exhaust

includes both types of near field.

The near and far sound field of a jet display quite different properties.
For example, the familiar far-field sound pressure dependence on the inverse
square of distance and the simple relationship between the sound pressure and
intensity 1 = P2/p°ao are no longer valid for the near field. In the far
field, the disrances from the observation point to different parts of the source
distribution in the jet flow field are approximately the same. In the near
field, the spatial distribution of sources along the jet flow becomes extremely

important because distances are different from different parts of the jet flow

to the observer.

Experimental investigations (References 1 to 5) have provided some useful

information on the sound pressure spectra and constant sound pressure contours
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of the near noise field of jets under particular operating conditions. To

predict near noise field, there exist semi-empirical methods based on near-
field noise measurement from full scale jet engines (Reference 6) and based on

tests from scale model hot jets (Reference 5). These methods may give crude

estimates for the near rnoise field of a jet. Howerer, there is definitely the

lack of basic understanding of the near noise field and therefore, the lack of
an accurate prediction procedure.

The present investigation is an attempt to formulate an analytical predic-

tion method for the near noise field of a jet based on the fundamental character-

istics of the quadrupole distributions explored by Franz (Reference 7). Within

the limitation of the quadrupole theory, the present study is restricted to
subsonic and supersonic jet flows without shock waves. The other noise generation

mechanisms for suypersonic flow such as shock wave and Mach wave are not considered

here.
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2. Mathematical Formulation

Starting from Lighthill's fundamental snlution to the inhomogeneous wave
equations governing the distribution of quadrupoles, the density fluctuations
p (x,t) at time t and point x in the medium outside of a turbulent region can

be written as

2 Tg(y'“ - r/co) e 1)

- 1 )
o (x,t) bucy” [ axiaxj r

where Tij (;, t - r/co) is the quadrupole atrength per unit volume at the retarded

time t - r/c° and at y in the turbulent region. (See sketch helow)

By using the relation between density fluctuations and pressure fluctua-
tions p = czp, and carrying out the double differentiation, the instantaneous

sound pressure due to the dlstribution nf quadrupoles becomes

- ] T i. T
p(R,e) = —— [ [E% g3, My, My
4n ) + 2 + 3
r rel, rc, r
. (2)
8 [ 41 + -Eéj.. dy
i 1 \ NCR e
[o]
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is the Kronecker delta and dots denote partial differ-

where T,m X T Yy dij
In this form, the far-field (or radiation field)

enti tion with respect to time.
sound pressure term in T /r. the "induction negr-field" sound pressure terms in

T /r and the terms in T j/r for the "transit{on region" are explicitly

i}
displayed. In the far-sound field, where the distance r is large compared with
the wave length, the term Ti /r dominates and the remaining terms are negligible.

In the near-sound field, however, all the terms are to be retained.

Under the assumptions that the turbulence is essentially steady and the
distance r is large compared to the eddy size, Franz (Reference 7) shows that
the mean-square sound pressures due to the distribution of different types of

quadrupoles can be written in terms of the radiated acoustic power P as:

P = 5 (15 sin“0 cos“6 cos ¢) 1+ 3 202 +S ,°-—~)
bnr rw r“m4

for lateral quadrupole,

- p cP c 2
Pl = ‘2“%‘ (5 00540) [1 + ——— 2 3 - h2 + 14 )
4vr r cos @ cos ©
c04 6 ] (4)
Y= o - + A y)
rw cos 6 cos 0
' for longitudinal quadrupole, and
N 2 4
52 = -"—ls,_.c_o.l (1 + 2 cO 4 1? Co
i 2.2 - r,,wz-—) (5)

for quadrupole radiation from isotropic tvrbulence.
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“nese espressions were ottained based on a small flow velocity so that the

eff et of sourc> convection ¢o nct appeir. For non-negligible convectioi speed,

the ~orrect expressions can ko~ written as (Appendix C nf Reference 7)

2
- p ckP c
P2 e 22 iy 61020 cosz¢) {LDSZB +‘—§9§- & Q2 cos?® - 6 M Q cosb
G T W
c 4
+ 4N 2) + -2 (9 Ql' c0826 - 18 M Q3 cos8 + 9 Mz Q2 )} c 3
c G 4 T c
rw
(6)
for lateral quadrupule,
p.c?P e ? 3
;2 - O cosae 4 - 9. 13 Q2 cosl‘e -12 M Qcos 8
2 2 <2 c
4nx B SR
4
- (4 - YM 2) cosze + 6 Hc cosb + 1] + “ZQZ’ [9 Qa c0346
¢ rw
2 2
- 36 MC Q3 cosBO - 6(L ~9 Mc )Q2 cos B
2
2 2 -5
i - 2 7Y QH - Cc
+ 1200 - M 7Y QH cosd + (1~ 3M.) ) } s
for longitudinal quadrupole,
H 2 4
- nocl c c
P2 e L2 R C—S (@)
/|1TT ‘ T “IZ rl‘u4
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for quadrupvle radiation from isotropic turbulence, where

- 2
C =~ [(L~M cosd) + (2’-’“—) J3/2
[+ co

Q - 1 - “
C
(O =M, cos0)? + (—‘2—3‘) 1172

The factor C used here which is obtained by Ffowes Williams (Refere .ce 13)

for high-speed flow replaces Franz' origiunal form 1-Mc cos O, The convection

3 {n Equations (6) and (7) also replace C"6 of Franz' forwms to

factors ¢
eccount for the increased number C of eddies whose sound arrives at the field

it is easy to see when Mc is smell

{multaneously (Reference 14).
(7), snd (8)

point B
spproach unity and Equations (6),

compared to unity, both C snd Q

creduce to Equations (3), (&), and (5). Thus, Equations (6) to {8) are valid

for both low-speed and high-speed flows.

Applications of the above theoretical results to predict the near noise

field of s jet require further approximation of the quantities involved which

will be discussed in the next section.

e e bt i .




3. Methods of Calculation

The mean square sound pressures given above can be considered as contri-
butions due to unit volume of jet flow. The idealized structure of a turbulent
jet may be divided into several regions. The initial region consists of a
potential core enclosed by a mixing region of strong shear. Downstream of it
are the transition region and the fully developed turbulent region. Different
parts of the jet may be congidered to generate sound by different types of
quadrupoles. In the present investigation, each type of quadrupole is considered
as an acoustic model for prediction, assuming the entire jet flow represented
by one type of quadrupcle. This is followed by investigation of compositions
of different quadrupoles for different parts of the jet.

The utility of the theoretical results given in Section 2 depends on the
ability to estimate the quantities involved in the equations. The following

are two methods for carrying ocut the computation.

3.1 Near Field Sound Pressure Prediction Based on Mean Flow and Turbulence

Parameters (Detail Aerc-acoustic Method)

To express the near-field sound pressure in terms of mean flow and tur-

bulence parameters throughout the entire jet flow, the following approximations

are made:
w= 1.1 u'/2 (9)
2 44,4
p;slp_.u'__v_
p_c 52 (10
o %o )

where £ is the scale of turbulence, B1 the proportional constant, u' and U the
rms value of the fluctuation velocity and mean flow velocity respectively. The
approximation (10) for the radiated sound power per unit vclume of jet has

been shown to be a good represertation (Reference 15). when © is measured from
the exhaust axis of a circular jet and when the observaticn point is at least
saveral jet diameter from the jet, the term cos2 ¢ in (6) may be replaced by its

average value, namely 1/2, and the r value can be approximated by:
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where (X,Y), (x,y) are coordinates for the observation and source positions
respectively, X and x being distances from jet exit along jet axis and Y,y
being radial distances. Thus, the sound pressure observed at (X,Y) can be

obtained by integrating over the source coordinates (x,y), (for details, see
Reference 15).

3.2 Near Field Sound Pressure Prediction Based on the Mean Velocity Profile

(Velocity Profile Method)

Another approach, for the near field sound pressure prediction, based on the
mean velocity profile only will be described below. Two basic assumptions are

made. The first assumption is that the radiated acoustic power obeys Lighthill's
eighth power law

cosz 11)

for unit volume of jet. The second assumption is that the radiated sound

frequency w satisfies the empirical sound source-location relaticnship:

(12)

where

f = /27

a, B are empirical constan:s (o = 1,22 B8 & 1,25, for conical nozzles, see
References 1 and 12).
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The mean~square sound pressu

written, for the casc of isotropic turbulence, as

2 4

ruy r W

where a(x) is vhe cross-section area of the jet at X,

factor:

¢ = (1 ~-M_ cos 0)2 +a0 M 2] 1/2
¢ c

where n and § are expevrimental constants.

Since

4p , dp &

the mean-:quare sound pressure per

- rj

2 ¢ 8

d o 1 4] ¢
= - K— , =1 ~ (1 +2 >
df‘ 4ne 4 Bf f t2 r2w2

. et Ry e T TN

e e e o

) ©

2
=2 e ” 8

dr. o v __ o

ax afz (1*2 —5— 12 ~T

re due to per unit length of jet can

-3 da(x)

(%))

C i{s the convection

unit frequency becomes

+ 12

4
[

KX

-f
C’Zﬂydy

(14)

i
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é
for a circular jet, rj being the distance from the jet axis to the jet edge.
3 In non-dimensional form:
' —2

, dp

4D er/D

\u ) . .8 2

_—0 = . 1 U 14 2 o ¢ -
= + + 12 C vdy

2 8 8 8 D 2 ( 2 2 % 4) 2nydy
, Fo 82, (Uo) o ' T
: 4
E c
: (15)
%
:
; where:
é . . .
g U = U/Uo x = x/D X = X/D
% ' = r/D y = 2y/D Y = Y/D
1
: i
?~ Equation (15) represents the non-dimensional mean-square sound pressure

per unit frequency in terums of the mean velocity profile for the case of
isotropic turbulence. For lateral and longitudinal quadrupoles, similar

expressions can be obtained.
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4, Discussion of Results

Correlations of the theoretical results and the experimental data wilil be
reported in this section. Applications of the analytical models obtained in
Section 2 to predict near-field sound pressure levels of full scale jet engines
and scale model hot jets will be discussed. Predicted effect of initial
turbulence levels at the jet exit plane on the near noise field will also be

demonstrated.

Of the two methods of calculation discussed in Section 3, the method based
on mean flow and turbulence parameters (Sectfon 3.1) was used for the majority
the calculations. The more simple method of calculation based on the mean
velocity profile (Section 3.2) has given compatible results to the detail aero-
acoustic method, however, the effects of turbulence intensity could not be
accounted for explicitly in this model. 1In Figures 1 and 2 the two methods
of computation are seen to yield similar prediction trends for both subsonic

and supersonic jet flows,

4,1 Analytical & Experimental Comparisons - Full Scale Jet Engine

A detailed analytical and experimental comparisons of sound pressure
spectra for a full-scale GE4 engine were oktained at a typical take-off condition
of SST and Bl a.rcraft with a jet exit Mach number of 1,46, a velocity of 3300
feet per second, a total temperature of 3000° R. For the near field acoustic

predictions an assumed initial turbulence level of 15% was used.

The experimental arrangement of the twenty-seven near-field microphone
locations (all within twenty jet nozzle diameters) are shown in Figure 3.
The measured sound pressure level spectra at all microphone locations shown
as circles in Figures 4(a) through 4(n). The curves shown in each Figure are
the three analytical predictions - the quadrupole radiation from isotropic
turbulence and the lateral and longitudinal quadrupoles. These spectrum curves
show that at certain locations, one particular model may compare better with
the measurements than the others. A close examination of the results reveals
that in the jet exit plane (at microphone locations 2, 8, 15) the isotropic
turbulence model follows well the data trend and with comparable sound level

magnitudes. Iun fact, the isotropic turbulence model predicts the spectrum

- 11 -
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shapes quite well at all the microphone locations. In general, the isotropic

i turbulence model overpredicts at the locations with angles to the jet axis
] ' less than 90°, and underpredicts at the locations with angles to the jet axis

greater than 90° (i.e., microphones 3, 4, 5, 6, 9, 10, 11, 12, 16, 17, 18, 19, 20).

For the microphone locations along the jet exhaust plume, such as ;
microphones 22 through 27, the longitudinal quadrupole model appears to be :

the best prediction. It is interesting to see that the spectrum shapes and

’ the frequency peaks are well predicted by both the longitudinal and the lateral

quadrupoles at microphones 23, 24, 26, 27 which are located 12 to 20 diameters §
However, at these locations the lateral

T T o X TP 7w e ey -+ g

downstream of the nozzle exit.
quadrupole tends to overpredict the peak SPL while the longitudinal quadrupole :

At locations closer to the jet exit plane (i.e.,

S

underpredicts slightly.
microphone 22 and 25 which are within 8 diameters from jet exit) the predicted

spectrum peaks from both the quadrupole models wrongly shift to the lower

frequencies while the spectrum decay rate at higher frequencies remains valid.

A e e e

It is worthwhile to note that the large jumps of measured sound pressure

level of 10 dB or more across the 1/3 octave band centered at 160 Hz occur at ?
i

; several locations (microphones 3, 4, 5, 6, 10, 11, 12, 19, 20). The model

;
scale near-field measurements at G.F. obtained recently (Reference 16) has shown - ‘

shock noise contributions to riear-sound field to be of this order at these
locations. The current acoustic near-field models do not account for shock
noise effects, but it is expected that appropriate corrections for shock noise ;

i

could be incorporated into the current model. :

4.2 Analytical & Experimental Comparisons - Scale Model Hot Jets

Near-~field noise measurements of scale model hot jets conducted recently
at G.E, (Reference 16) were obtained at 10 microphone locations (Figure 5).
A typical chock~free supersonic data (M = 1.3559, Tt = 2407° R, Reading 4,
see Chapter IV of Reference 16), was used for comparisons with the three
For the model scale predictions an initial
Typical results are presented in

e e LT I SO ‘s

analytical acoustic models,

turbulence level of 5 percent was assumed.
The isotropic turhulence model predicts well the SPL

exit plane (microphones 6 and 9)
In fact, the spectrum shapes

Figures 6(a) to (e).
magnitudes and spectrum shapes in the jet

and locations upstream (microphones 7 and 10).
are predicted quite well at all locations by the isotropic turbulence model,
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over-predicting at locations downstream of the nozzle exit and underpredicting
upstream cf it. Both lateral and longitudinal quadrupole models predict the
peak frequency in the spectrum and the rate of decay in the high frequency

,
'
'
t
;
¢
¢
4 ’

range at locations farther downstream of the nozzle exit (microphones 1, 3
and 4) while only the longitudinal quadrupole model gives comparable sound

pressure levels. At locations close to the jet plume, within 10 diameters

from the nozzle exit (microphones 2 and 5), all three models overpredict the

2 ; : peak sound nressure levels. These observations essentially confirm the findings

given in Subsection 4.1 where the full scale GE4 engine acoustic data was

used to compare with the predictionms.

s i emam e 2o b

4.3 Investigation of Acoustic Models Composing Different Quadrupoles

Each of the three analytical models discussed in Section 2 has been

evaluated by comparing with measurements (see sub-section 4.1 and 4.2). 1In order

B e

to improve the predictions obtained by the use of individual models, composite

SO

acoustic models were considered. The structure of a turbulent jet is divided
b into several regions: the initial region (consisting of a potential core

enclosed by a mixing region of strong shear), the transition region, (just

downstream of the potential core) and the fully turbulent (or similarity) region.
Different parts of the jet may be considered to generate sound by different
acoustic sources. The following are two preliminary composite acoustic models ;

which were examined in this study. !

Composite Acoustic Model I

The isotropic turbulence model is used in the potential core and the fully
turbulent region (see sketch below)d The lateral quadrupole which is usually
considered to be predominant in any region with large mean shear is used in the
. mixing region enclosing the potential core and in the transition region which

is approximately one core length downstream of the potential core.

- 13 -
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Region

Region | Region
|

—

Composite Acoustic Model II

The lateral quadrupole is used in the mixing region and the isotropic

turbulence model is used elsewhere of the jet flow.

The predictions with these two composite acoustic models were obtained
for a supersonic jet of Mach number M = 1.3559, Tt = 2407° R, and an assumed
value of u'/Uj = .05. The results are given in Figures 7(a) through (e).
The prediction by composite acoustic model I (represented by solid lines) was
found to be almost the same as that given by the lsteral quadrupole model,
except at low frequencies (f < 1000 Hz) where the isotropic turbulence model
is dominant. For the composite acoustic model II, (represented by dashed lines)
the isotropic turbulence model is seen to be dominant for frequencies belou
2500 Hz. Although a great improvement in near-field prediction was not obtained
by the new models examined, this study clearly demonstrates the possibility of
changing the acoustic characteristics by the change of the composition of the
quadrupole models, and that improvements to the predictions are possible

through a properly selected model.
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4.4 Effect of Initial Turbulence Levels

Scale Model Hot Jet

R T ——

In order to investigate the effect of the intial turbulence levels on

the near-field noise, the predictions were performed (for the same jet flow

-

conditions as discussed in Subsection 4.2; M = 1,3559, Tt = 2400° R), except

at an assumed turbulence level of 15% instead of 5%.

Lintiad s

Figures 8(a) through (e) show the predicted results with an assumed 15
percent initial turbulence intensity at the jet exit. It is generally expected
that the higher the turbulence level in the jet flow the greater the sound
] pressure level it produces. Comparing the SPL spectra at the corresponding
é microphone locations (e.g. Figure 6(a) comparing with Figure B(a)) one sees ';
f that the higher turbulence level (15X) produces the greater SPL only for
E high frequencies. A negligible effect of initial turbulence levels on SPL A

4 was found for frequencies lower than 2500 Hz (or fd/Uj < 0.34)., The effect :
The

on higher frequency SPL is more pronounced as the frequency increases.
sketch below gives a rough idea how SPL changes with turbulence level and

? with frequency.

: Region of negligible_’-_Region effected
« | “effect of turbulence by turbulence
: a7 levels levels ]
- : — |
i | B 19
i i P ] ;
" . i _ 4-12 dB
(&) i H
& P depending on location }
. ) 1 | Pl 1 .
_ 160 630 2500 10000 40000
i FREQUENCY, Hz
L R L) ¥
.1 .34 1.0 5.5
fD/Uj ]
f
IE
[ ' - 15 -
4 ]
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e e s+ e
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From the above sketch the maximum increase in SPL (u'/Uj = 152 compared with
5X) is seen to vary from 4 to 12 dB, depending on microphone locations. At
locations close to the jet exit end immediately downstream of it (microphone:
5, 6, 8 and 9), the effect of initial turbulence is very strong (10-12 dB).
Since at these locations the high frequency sound either dominates or becomes
important with almost a flat spectrum curve in the high frequencies, the effect
of turbulence level is certainly not negligible. For the locations far from
the jet exit (microphones 1, 2, 3, 4), the effect of the initial turbulence

level on the overall sound pressure seems to be minimal.

Full Scale Engine

The effect of turbulence level for a full scale GE4 engine at 18 near-
field microphone locations wes also examined. (See Figure 3 for microphone
arrangement). For the six microphone locations along the jet plume, the
longitudinal quadrupole model was chosen to calculate the SPL spectra. Figure 9(a)
through (c), the predictions (the solid lines are calculated with an assumed
turbulence level u'/Uj = .15, the dashed lines with u'/Uj = .05) compared
with the measurements are shown. At these locations, the effect of turbulence
level is seen to be minimal except for high frequencies (f > 2000 Hz or £fD/Uj
> 2.3). 1In general, the predictions are in good agreement with the observed
data, except at two locations (microphone #22 and 25) close to the jet plume

where in the low frequency spectra the predictions deviate from the data.

Predictions with the isotropic turbulence model with the assumed turbulence
levels of 5 and 15 percent (i.e. u'/Uj = .05 and .15) at microphone locations
1 through 12 are showr in Figure 9(d) to (i). The increase of turbulence
level 1s seen to increase the sound pressure levels for these locations at
all frequencies. In the case of a smaller jet (diameter = 4.55 inches) the
effect of turbulence level is negligible for frequencies below 2500 Hz as
discussed above. Since a more meaningful frequency parameter may be the Strouhal
number fd/Uj; fd/Uj = .34 from the smaller jet would correspond to f ~ 300
Hz for the full scale engine, below which the effect of turbulence may be
negligible., Thus, the effect of turbulence is seen to be more important for

almost all frequencies for a full scale jet engine.
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4.5 Contour Plots

Due to cthe complicated nature of the near jet noise field, the sound
pressure distributions in the vicinity of the jet exhaust can be best

visualized on the contour plots.

Several contour plots were obtained

(Figures 10 through 17) using General Electric's automatic computation system
with a CALCOMP plotter and compared with the jet engine data described in

Subsection 4.1 and 4.4.

In Figure 10, the measured OASPL's are shown at each

microphone location together with the constant SPL contours. The corresponding

predictions from the three acoustic models are shown in Figures 11 to 13.

isotropic turbulence model is seen to predict well the contour shapes.

The
The

OASPL magnitudes are well predicted close to 90° from jet axis; it overpredicted
(4 to 10 dB) downstream of the nozzle exit, and it underpredicted (4 to 7

dB) upstream of the nozzle exit.

Although the lateral and longitudinal quadrupole

models (Figure 12 and Figure 13) fail to predict the overall contour shapes,
it is interesting to note that the lateral quadrupole model shows the same

peculiar loop as the measurements around X/D = 7.5, Y/D = 10.

In Figures 14 through 17, four more contour plots for 1/3 octave SPL's

are presented.

If the sound source for a particular frequency band is considered

to be located where the maximum sound pressure occurs, the source location

for these particular bands can be obtained approximately.

They are:

X/D =
X/D =

14

X/D =5

X/D =

3

for 1/3 octave band centered at 100 Hz
for 1/3 octave band centered at 400 Hz
for 1/3 octave band centered at 1600 Hz
for 1/3 octave band centered at 6300 Hz

This shows that the high frequency sound is generated close to the nozzle

exit and the low~frequency sound is generated further downstream.
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5. Summary and Conclusions

Three analytical models for near field noise prediction have been formulated

for subsonic and supersonic jet flows. These analytic acoustic models hsgve

been fully evaluated with near field weasurements from full scale engine and
scale model hot jets {(with the emphasis on the supersonic jet flows). The

use of a spatial composition of quadrupoles as a prediction model has also

been demonstrated. The near noise field cf the jet is very cumplicated because
it includes not only outwardly propogating waves but also local reciprocated
motions and pressure fluctuations. 1In spite of this complicated nature, the
present investigation has shown a good deal of success in predicting near-

field noise on a spectral basis as well as on an overall SPL basis.

From the experimentsl and analytical comparisons of sound pressure level

spectra for supersonic jet flows, the important findings are:

(1) 1In general, the isotropic turbulence model predicts well the sound

pressure spectrum shapes. It predicts the sound pressure levels quite well

in the nozzle exit plane and for most angular positions downstream of the nozzle
(6 < 90°); the model underpredicts at angular positions upstream of it

(8 < 90°; where shock waves are known to influence the sound levels but

were not taken into account in the present prediction model).

(2) Bcth the lateral and the longitudinal quadrupole models predict the
spectrum shapes and peak noise frequ. .cies at locations with angles to the

jet axis less than 45°. The longitudinal quadrupole model gives the best level
comparisons at these locations.

(3) At locations close to 135° from jet axis, all three acoustic models give
good correlations with experimental data. The longitudinal model is seen to
be the best.

(4) At locations with angles to the jet axis less than 45° and within a
distance of 10 diameters from jet exit, all three models overpredict the peak

noise levels but the longitudinal quadrupole model agrees very well in the

upper frequency spectrum with measurements.
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The predicted effect of initial turbulance level on the near field noise

o,

shows that the increase of the turbulence level in the jet exit plane causes

the increase in sound pressure level for high-frequency range of the spectrum,
The effect of turbulence level is negligible for low frequeucies,

R

This can be
explained by noting that the change of initial turbulence level of the jet has

strong effer s on the flow field in the initial mixing region where the high-

frequency sound is generated and has little effects on the flow field further
downstream where the low-frequency sound is generated.

e

E A preliminary investigation for acoustic models composing different
E - quadrupoles for different parts of the jet flow demonstrates the possibility

of improvement in the near field jet noise prediction by various compositions
of the quadrupole models,

due to the presence of shock waves from which the shock tones and shock-

related broad band noise originate. To obtain a practical prediction method

for near-noise field in which shock waves are usually present, screech and

!

!

i

% The present analysis does not take into account the noise contribution
L

!

|

E shock -turbulence interaction must be accounted for.

Iy

E It is recommended tha: further investigation of near-field noise be
E directed to the following:

(1) Compcsition of different acoustic models for different parts of the jet

flow should be studied to obtain a more reliable prediction method.

(2)

Measurements of various turbulence levels at jet exit plane be obtained

in conjunction with near field noise data so that the effect of turbulence
level on near noise field can te assertained.

(3)

e

Shouvk~wave con.ribuiions to the near-field noise should be more closely

studied a:d their contributions shoulc be accounted for in near-field and
far~-field acoustic models.
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; DEFINITION OF SYMBOLS
Symbols i
]
e Ambient speed of sourd . 1
i [ Convection factor C = l(l-Mc cos 0)" + (%&92]1/2 i
E D Jet exit dismeter °
PR £ Frequency, cps or Hez
g K Empirical constand, Equations (14-15) é
i , £ scale of turbulence 3
F M Convection Mach num! : r M = .63 Ve i
E p Sound pressure 3
; P Radiated sound power i
q Q =~ (1-M)/[(1-M_ cos 0)7 + (8%)2)1/2 }
g r Distance from source point to Sbservation point, r = IX ~ ¥l ;
t Time
E Tij Strength of quadrupole or instantaneous 'Reynolds atress' ;
g ’1‘ij - oViVj + p1J - Co paij, Vi being the velocity components, ?
; Pij the stress between adjacent elements of gas
U Local mean velocity .
U0 Mean velocity at jet exit {
u' fluctuating velocity '
X, Component of observation point vector x, i = 1, 2, 3
: Yy Component of source point vector y, i=1, 2, 3
: a Empirical constant in Equation (12) ;
; [ Empirical constant in Equation (12) 3
i B1 Proportional constant ;
- ' ) Angle with jet exhaust axis
E ' ¢ Gas density
E . 9 Azimuth angle in spherical polar coordinates
w

Radian frequency (w = 2 » £)

L e ot ke AU o S ni
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FIGURE 4(R) - 1/3 OCTAVE BAND FREQUENCY SPECTRA.
COMPARISON OF PREDICTION AND MEASUREMENTS.
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm2
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COMPARISON OF PREDICTION AND MEASUREMENTS.
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm2
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FIGURE 6(a) - 1/3 OCTAVE BAND FREQUENCY SPECTRA

COMPARISON OF PREDICTION AND MEASUREMENTS
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm?
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm?
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm?
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SOUND PRESSURE LEVEL, dB, re:0.0002 dynes/cm?
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm?
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SOUND PRESSURE LEVEL, dB, re: 0.0002 dynes/cm?
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